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® Occluder and method for repair of cardiac and vascular defects. 



© An occlusion device (10,40) for percutaneous 
transluminal correction of intracardiac and vascular 
septal defects as disclosed. The device comprises a 
pair of opposed occluders (12,14,42,44) that are 
connected to one another using an interconnection 
(16,110) that allows the occluders to move relative to 
one another. Additionally, a means (150,156) for 
fluoroscopically visualizing and distinguishing the in- 
dividual occluders of the device is also disclosed. 
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Field of the Invention 

The present invention relates to devices and 
techniques for the repair of intracardiac and vascu- 
lar septal defects by percutaneous catheter place- 
ment of a corrective prosthetic device. 

Background of the Invention 

Either congenitally or by acquisition, abnormal 
openings or holes can occur between adjacent 
chambers of the heart or its associated major blood 
vessels. Such openings are referred to, respec- 
tively, as interatrial and interventricular septal de- 
fects or patent ductus arteriosus and aortico-pulmo- 
nary windows. Such openings cause blood to leak 
from one chamber or artery to another and result in 
decreased pumping efficiency of the heart. Simi- 
larly, if defects occur in the Foramen Ovale, such 
defects, referred to as Patent Foramen Ovale 
(PFO), may result in a cerebral embolism. These 
deformities usually are congenital, however, they 
can also occur following a heart attack, significantly 
complicating subsequent coronary treatment and 
recovery. Such defects typically impose added 
strain on the heart and ultimately may lead to heart 
failure if not corrected. 

Traditionally, such defects have required exten- 
sive open chest surgical techniques for correction. 
Specifically, the repair of such defects required an 
open heart procedure in which the heart was ex- 
posed and then opened and the defect was sewn 
shut by direct suturing. In connection therewith, a 
patch of a synthetic prosthetic material such as 
Dacron, Teflon, silk, nylon or pericardium was used 
as a patch. 

Although other methods of occluding defects, 
most notably the use of a plastic plug to occlude 
the defect, were suggested as early as the 1950s, 
such methods similarly require the use of open 
heart surgery to access the defect and place the 
prosthetic implant. 

Beginning in the early 1970s, a number of 
devices and methods were proposed for the per- 
cutaneous transluminal catheterization procedure 
for the repair of intracardiac defects. For example, 
U.S. Patent No. 3,874,388 to King, et ah, describes 
a device in which a pair of umbrella-like occluders 
are positioned on opposite sides of a defect and 
drawn and locked together at a central hub which 
crosses the defect. The device is said to effectively 
occlude the defect. Although the King device and 
method proposed to eliminate the need to perform 
open heart surgery, its use and structure were very 
complicated in that generally they required the 
umbrella-like occluders to be opened manually 
once positioned at the defect. 



Similarly, U.S. Patent No. 4.007,743 to Blake 
relates to an umbrella-like defect closure device 
having a plurality of elongated struts pivotally 
mounted to a central hub. Each pair of adjacent 

5 struts is interconnected by a strip formed of a 
foldable, resilient material which serves to auto- 
matically and resiliently open each umbrella-like 
element once such element is released from a 
protective sheath. As in the King patent, the device 

w includes two separate occluders which are locked 
together by a snap connection once each of the 
occluder segments has been individually positioned 
across the septal defect. 

Still another defect closure device is described 

75 in U.S. Patent No. 4,917,089 to Sideris. The Sideris 
patent relates to an apparatus and method for 
transvenous closure of a septal perforation in the 
heart. The closure apparatus comprises an oc- 
cluder which is positioned on the distal side of the 

20 perforation and an occluder-holder which is posi- 
tioned on the proximal side of the perforation and 
is connected to the occluder across the perforation 
by means of a so-called "button" closure. As in the 
earlier transluminal^ delivered occluders, the 

25 Sideris patent requires that device elements posi- 
tioned on opposite sides of a septal defect are 
separately delivered to the site of the defect and 
connected to one another in situ. 

Among the problems encountered with oc- 

30 cluder devices of the designs described by King 
and Blake, is that they tend to be relatively rigid. In 
other words, the designs allow very little relative 
motion between the individual occluder elements 
and thereby require that each of said elements be 

35 placed precisely prior to seating at the septal wall 
and interconnection. In addition, because the de- 
vices described in the King and Blake patents 
include such relatively rigid structures, the devices 
are not particularly well suited for applications in 

40 which there is a variation in wall thickness at the 
site of the defect or in which the defect does not 
run perpendicularly through the septal wall. 

Although the Sideris patent describes a device 
in which the occluder and occluder-holder are not 

45 rigidly interconnected, the Sideris device still re- 
quires that the occluder be placed precisely on the 
distal wall portion of the septum because defect 
occlusion is provided by a single occluder element. 
Thus, even though there is some amount of relative 

so movement allowed between the occluder and the 
occluder-holder of the Sideris device, the arms of 
the occluder are rigid and the occluder section 
must be precisely positioned to cover the entire 
distal side of the defect in order to prevent blood 

55 from leaking through the defect and to prevent the 
device from becoming dislodged Furthermore, like 
the King and Blake devices* the Sideris device 
requires in situ assembly to make the interconnec- 
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tion between the occluder and the occluder-holder. 
Such an in situ assembly requirement complicates 
the occlusion procedure because it requires that 
the occluder be positioned precisely and then 
maintained in that position during the assembly 
step. 

Accordingly, there is a need for a defect occlu- 
sion device and technique which eliminates the 
need to assemble or interconnect separate portions 
of the occluder in situ and which also allows some 
degree of relative movement or rotation between 
the individual occluder elements. There is also a 
need for a defect occlusion device which would 
allow the individual occluders of the device to be 
readily distinguished during a fluoroscopic visu- 
alization procedure. 

Summary and Objects of the Invention 

The present invention relates to an intracardiac 
shunt defect occlusion device characterized by 
having a unitary construction that eliminates the 
requirement of open chest surgery to place and 
connect a pair of occlusion devices across a cen- 
tral defect. The device is further characterized in 
that it includes a means allowing relative movement 
or rotation between occluder elements (referred to 
individually as "occluders") positioned on opposite 
sides of a shunt defect to allow improved seating of 
the device, particularly when it is to be used in 
location having uneven walls adjacent to the defect, 
or in defects that have tunnel-like geometry, such 
as PFOs or ventricular septal defects located in 
thicker portions of the septum. In one embodiment, 
the device comprises proximal and distal occluders 
each having an umbrella-like configuration. Each 
occluder has a central hub upon which is mounted 
a plurality of elongated struts. The struts each 
include at least one hinge point which allows the 
struts to be folded parallel to the central axis of the 
hub, thereby allowing the occluder to be held in a 
compact, unexpanded configuration. The struts are 
resilient so that, when released, they automatically 
expand to an orientation perpendicular to the cen- 
tral axis of the occluder. 

An interconnection means is provided at each 
of the central hubs to connect the occluders to one 
another. The interconnection means allows relative 
movement between the occluders so that they can 
be positioned across a defect which has a non- 
uniform wall thickness or which has openings which 
are offset across the septal wall. The interconnec- 
tion means can be of any of a variety of configura- 
tions, however, interconnecting loops and ball and 
collar assemblies are preferred. 

At least one strut of at least one of the oc- 
cluders is at least partly radiopaque to allow 
fluoroscopic visualization of the occluder during the 



catheter placement procedure. Additionally 
fluoroscopic visualization is useful after the proce- 
dure has been completed in order to monitor the 
location and orientation of the occluder post-oper- 

s atively. Such radiopacity can be provided either by 
forming the strut of a radiopaque material (either 
metallic or non-metallic), or by providing a 
radiopaque material upon a surface of a non- 
radiopaque strut. Among the preferred radiopaque 

to materials are gold and platinum. In addition, each 
of the occluders may be provided with a radiopaq- 
ue material that allows the individual occluder ele- 
ments to be distinguished from one another during 
fluoroscopic visualization. This further enhances the 

75 ability of a physician to determine the precise 
location, position and orientation of the occluder 
device during and after the placement procedure. 

Thus, it is one object of the present invention 
to provide a septal defect occlusion device that 

20 eliminates the need to assemble or interconnect 
individual occluder elements in situ. 

It is another abject of the present invention to 
provide a septal defect occlusion device having 
individual occluders which are connected to one 

25 another prior to insertion into a patient. 

It is a further object of the invention to provide 
a septal defect occlusion device which allows rela- 
tive motion of individual occluder elements to one 
another during percutaneous catheter placement of 

30 the occlusion device within a patient. 

It is yet another object of the present invention 
to provide a septal defect occlusion device which 
can be placed across defects present in septal 
walls having a nonuniform thickness, such as the 

35 tunnel-like defects described previously 

It is still another object of the present invention 
to provide a septal occlusion device for occluding a 
septal defect having offset openings on opposite 
sides of the septal wall. 

40 It is a further object of the present invention to 
provide a septal defect occlusion device that can 
be readily visualized in vivo using fluoroscopic 
means. 

It is yet another object of the present invention 
46 to provide a septal defect occlusion device that 
allows the location, position and orientation of the 
individual occluders to be visualized and distin- 
guished using fluoroscopic means. 

It is still another object of the present invention 
50 to provide a method for positioning an occlusion 
device across a defect. 

Other objects and features of the present in- 
vention will become apparent from the following 
detailed description when taken in connection with 
55 the accompanying drawings which disclose mul- 
tiple embodiments of the invention. It is to be 
understood that the drawings are designed for the 
purpose of illustration only, and are not intended as 
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a definition of the limits of the invention. 
Brief Description of the Drawings 

FIG. 1 is a representation of one occlusion 
device of the present invention. 

FIG. 2 is a side view of the device shown in 
FIG. 1. 

FIG. 3 is a schematic representation of a sec- 
ond embodiment of an occlusion device of the 
present invention. 

FIG. 4 is a side view of the device depicted in 
FIG. 3. 

FIGS. 5a-5k are schematic representations of 
various interconnection structures for connecting 
the elements of the occlusion devices depicted in 
FIGS. 1-4. 

FIG. 6 is a schematic representation of a por- 
tion of an occluder having radiopaque portions. 

FIG. 7 is a schematic representation of an 
occlusion device having fluoroscopically distin- 
guishable occluders. 

FIG. 8a-8e depict a method of placing an oc- 
clusion device across a septal defect. 

FIG. 9 is a schematic representation of an 
occlusion device placed across an angled defect. 

FIG. 10 is a schematic representation of an 
occlusion device placed across a defect in tissue 
having a non-uniform wall thickness. 

Detailed Description of the Preferred Embodiments 

In one embodiment of the present invention, 
the device 10 comprises a first occluder 12 con- 
nected to a second occluder 14 (shown largely in 
phantom in FIG. 1) in a face-to-face relationship. 
The occluders 12, 14 are connected to each other 
by means of a central hub or wire 16 which defines 
a central axis through each of the occluders 12, 14. 
It is noted that as used herein, the term "central 
axis" is not meant to imply that the wire or hub 
necessarily is positioned at the geometric center, if 
any, of its respective occluder. Rather, the term is 
intended to describe a reference line oriented in a 
perpendicular relationship to the plane of each oc- 
cluder, the line passing through any given refer- 
ence point on the occluder. 

Each occluder comprises generally a plurality 
of elongated struts 18 which radiate from the cen- 
tral hub 16 and provide a framework for the oc- 
cluder. The framework can be collapsed and then 
automatically opened by resilient means which are 
provided in each of the elongated struts 18. Spe- 
cifically, each strut includes at least one flexural 
hinge point or shoulder 20 about which the elon- 
gated strut 18 may flex. In a collapsed configura- 
tion, the elongated struts 18 are pivotally flexed 
about the hinge points 20 to cause the struts to be 



oriented in a position that is generally parallel to 
the central axis of the occluder defined by the hub 
or wire 16. The struts are maintained in this posi- 
tion against resilient forces by enclosing the device 
5 within a tubular sheath at the distal end of a deliv- 
ery catheter which maintains the device in a col- 
lapsed configuration. Upon withdrawal of the sheath 
during the placement procedure, resilient forces 
stored within the elongated struts at flexural hinge 

10 points 20 cause the device to spring open by 
pivoting the struts about the hinge points 20. The 
struts 18 open to an orientation generally per- 
pendicular to the central axis defined by the hub 16 
of the occluder. 

75 A second flexural hinge point or elbow 22 can 
be provided on the struts 18 to further enhance 
operation of the device. The second flexural hinge 
provides a point about which the strut arm itself 
can fold, thereby allowing the length of the strut in 

20 its folded configuration to be shortened. Each strut 
preferably also includes a loop 24 at its outer end 
to conceal sharp areas that night otherwise cause 
damage to a patient's tissue during insertion and 
placement of the device 10. 

25 The material which comprises the strut struc- 
tures can be any biocompatible material having 
resilient and structural properties sufficient for op- 
eration of the device. In particular, stainless steel 
wire is preferred for fabrication of the strut struc- 

30 tures. 

Attached to the strut frameworks are patches 
26, 28 which, when the device is deployed, cover 
and occlude the shunt defect. Although numerous 
biocompatible materials can be used as the patch 

35 material, preferred patch materials comprise Da- 
cron, Teflon, silk, nylon or pericardium tissue. 
Among the necessary characteristics of the patch 
material are bicompatibility and resistance to fluid 
transfer across the material. The material must be 

40 such that these properties can be maintained for 
extended periods in vivo. Additionally, the patch 
material must be flexible to allow the occluder 
device to be folded and compressed within a 
sheath prior to and during delivery to a predeter- 

45 mined location within a patient. An aperture 30 is 
formed within the center of each of the patches 26, 
28 and allows an interconnecting structure 
(described in connection with FIGS. 5a-5k) to con- 
nect the occluder elements 12, 14 to each other. 

so The patches 26, 28 are held to the strut frame- 
work by a plurality of stitches formed from sutures 
which encircle the struts and pass through the 
patch material. In a preferred embodiment, the 
stitches attach the patches to the framework at 

55 least at the regions at which the pivot points 20, 22 
and loops 24 contact the patch material. Alter- 
natively, the sutures can be tied off at each loop 24 
and spiraled through the patch material and toward 
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the central hub 16, terminating with knots tied to 
the pivot points 20. 

A ribbing 34 formed by a series of closely 
placed stitches is preferably formed along the pe- 
ripheral edges of the patch material. The ribbing 34 
provides an area of increased patch material thick- 
ness and serves to provide a degree of stiffness 
and support to the outer edge of the patch ma- 
terial. 

In the illustrative embodiment depicted in 
FIGS. 1 and 2, each of the occluders 12, 14 is 
square. To more clearly depict the relationship 
between the occluders in FIG. 1, occluder 14 has 
been rotated 45' to provide an offset in the face- 
to-face relationship. 

FIGS. 3 and 4 are similar to FIGS. 1 and 2 with 
the exception that the occlusion device 40 of FIGS. 
3 and 4 comprises occluders 42, 44 that are rec- 
tangular in shape rather than being square as de- 
picted in FIGS. 1 and 2. Specifically, the device 
depicted in FIGS. 3 and 4 includes a framework 
made of elongated struts 18 having flexural hinge 
points 20, 22 which allow the struts to be main- 
tained in a compressed state in a direction gen- 
erally parallel to a central axis defined by a wire or 
hub 16 of each occluder element 42, 44. As in 
FIGS 1 and 2, each of the elongated struts 18 
includes a loop 24 at its outermost end to reduce 
the risk of trauma in vivo. In addition, the strut 
structure of each occluder 42, 44 includes a ribbing 
34 formed of closely spaced sutures to provide a 
degree of stiffness and support to the outer edge 
of the patch material 46, 48. As before, the patches 
46, 48 can be fabricated of biocompatible materials 
with materials such as Dacron. Teflon, silk, nylon or 
pericardium being preferred. The patches 46, 48 
are attached to the strut framework using suture 
thread as described previously. Additionally, each 
of the rectangular occluder elements 42, 44 in- 
cludes an aperture 30 through which interconnec- 
tion between the individual occluder elements 42, 
44 can be made. 

Although depicted as having a square or rec- 
tangular geometry in FIGS. 1-4, it is pointed out 
that the shape of the occluder elements is not 
intended to be limited as such. Rather, occluders 
having circular or other geometries are contem- 
plated as well, and are intended to be encom- 
passed within the scope of the invention. 

FIGS. 5a-5k depict the various structures for 
interconnecting the occluder elements of the de- 
vices of FIGS. 1-4 in a manner that allows relative 
pivotal (and, in some cases, rotational) movement 
between the individual occluder elements and/or 
rotation thereof. Specifically, FIG. 5a depicts an 
interconnection 50 in which individual collar ele- 
ments 52, 54 are connected by a pin 56 having ball 
fittings 58 attached to the ends thereof. The ball 



fitting 58 are designed to be larger in diameter than 
apertures 60, 62 contained within the collar mem- 
bers 52, 54 thereby allowing the collars to move 
toward or away from each other while preventing 
5 the pin 56 from being released therefrom. The 
interconnection also provides for collar members 
52, 54 having central axes that are not parallel to 
each other or to the pin 56. The collar members 
52, 54 are also free to rotate relative to each other. 

w In such an assembly, each of the collar members 
52, 54 is connected to the strut framework of one 
of the occluder elements 12, 14 or 42, 44 respec- 
tively, through the aperture 30 to allow the collar 
element to constitute an integral structure to the 

75 strut framework of the occluder element. Similar to 
the strut framework of the occluder element, the 
components of the interconnection 50 can com- 
prise a biocompatible material with a material such 
as stainless steel being preferred. The interconnec- 

20 tion 50 depicted in FIG. 5a is characterized in that 
it provides, in essence, two regions about which 
relative movement of the occluder element at- 
tached to the collar members can occur. 

FIG. 5b depicts an interconnection 70 similar to 

25 the interconnection 50 of the device shown in FIG. 
5a. Unlike interconnection 50, however, the inter- 
connection 70 provides only one region of relative 
movement between the occluder elements 12, 14 
or 42, 44 which it interconnects. Specifically, the 

30 interconnection 70 includes a collar element 54 
having an aperture 62 therein. A pin 72 with a ball 
member 58 having a diameter greater than that of 
the aperture 62 serves to lock pin 72 to the collar 
element 54. The pin 72 is connected to one strut 

35 framework of an occluder element while the collar 
54 is connected to the strut framework of an op- 
posing occluder element thereby serving to inter- 
lock the two occluder elements to each other in a 
face-to-face arrangement. 

40 FIG. 5c depicts another embodiment of an in- 
terconnection 80 in which loops 82, 84 connected 
to the strut frameworks of individual occluder ele- 
ments 12, 14 or 42, 44 are interconnected by 
means of a central link 86. The central link is 

45 connected to each of the loops 82, 84 via connec- 
tion coils 88. As shown in FIG. 5c, each connection 
coil 88 comprises four loops which serve to con- 
nect loops 82, 84 to opposite ends of link 86. Like 
interconnections 50 and 70, interconnection 80 pro- 

50 vides an interconnection structure having two re- 
gions of movement; however, unlike those intercon- 
nection means, the interconnection 80 does not 
allow substantial relative rotation between occluder 
elements that are connected therewith. 

55 FIG. 5d depicts a similar interconnection 90 
having only one region of movement. In FIG. 5d 
the interconnection includes a first loop 82 con- 
nected to one strut framework and a second loop 
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84 connected to the strut framework of an oppos- 
ing occluder element. Loops 82 and 84 are linked 
by a connecting coil 88 in the same manner as 
depicted in FIG. 5c. Like the interconnection 80 
depicted in FIG. 5c, interconnection 90 allows rela- 
tive movement between occluder elements con- 
nected to loops 82, 84 without allowing substantial 
relative rotational movement therebetween. As in 
the previous embodiments, interconnections 80 and 
90 of FIGS. 5c and 5d are formed of a biocom- 
patible material, with stainless steel being pre- 
ferred. 

Still another embodiment of an interconnection 
100 is depicted in FIG. 5e. In FIG. 5e, loops 82, 84 
connected to individual occluder elements 12, 14 
or 42, 44 are connected by means of an intercon- 
necting link 86 to form, generally, a three link chain 
for interconnecting the individual occluder ele- 
ments. The design of the interconnection 100 
shown in FIG. 5e can be considered to be a hybrid 
of the interconnection means depicted previously. 
Specifically, interconnection 100 provides two re- 
gions of movement between the connected oc- 
cluder elements and also allows some limited rota- 
tion between such elements. Thus, although not 
allowing complete rotation as allowed by intercon- 
nections 50 and 70. the interconnection 100 will 
allow greater rotational movement than can be 
achieved by interconnections 80, 90. 

FIG. 5f depicts a similar interconnection 110 in 
which the central link 86 has been eliminated and 
loops 82, 84 are directly linked to one another. This 
connection can be viewed generally as a two link 
chain with each link 82, 84 being connected to an 
individual occluder element 12, 14 or 42, 44. Such 
an interconnection 110 offers one region of relative 
movement between the occluder members 12, 14 
and also allows some rotational motion between 
such occluder elements, however, such rotation is 
limited. As before, the interconnections 100, 110 
depicted in FIGS. 5e and 5f are formed of a 
biocompatible material, preferably stainless steel. 

FIGS. 5g-5i depict yet another embodiment of 
an interconnection in which a ball and collar is 
used to provide a pivoting connection point. The 
ball and collar interconnection 120 is depicted in 
elevation in FIG. 5g. Specifically a connecting rod 
122 includes circular collar 124 or loop at one end. 
A pin 126 having a bend 127 of approximately 90* 
at one end has a ball 128 mounted on the end 
adjacent to the bend 127. The diameter of the ball 
128 is greater than the inner diameter of the collar 
124 to thereby cause a pivoting interference con- 
nection between the connecting rod 122 and the 
pin 126. 

FIG. 5h depicts a top view of an interconnec- 
tion 130 having two pivoting ball and collar joints. 
Each of the connecting rods 122 are connected to 



opposing occluder elements, and each have a col- 
lar 124 at the end opposite the occluder element. A 
pin 126 having balls 128 at each end thereof is 
positioned between the connecting rods in a man- 

5 ner to provide a pair of pivoting connections as set 
forth in FIG. 5g above. 

FIG. 5i depicts a similar interconnection 140 
having only one pivot point. In FIG. 5i, a first 
connecting rod 122 and collar 124 is connected 

10 with a second connecting rod 132 having a ball 128 
at one end. Unlike the interconnection of FIG. 5h, 
the interconnection of FIG. 5i has replaced the pin 
with a second connecting rod 132 that connects 
directly to an occluder element. 

15 FIG. 5j depicts an interconnection 170 having 
two pivoting loop joints. Each of the connecting 
rods 172 are connected to opposing occluder ele- 
ments, and each have a loop 174 at the end 
opposite the occluder element. A pin 176 having 

20 loops 178 at each end thereof is positioned be- 
tween the connecting rods. The loops 178 on the 
pin 176 are linked with the loops 174 on the 
connecting rods 172 in a chain-like manner to 
provide a pair of pivoting connections between 

25 each of the connecting rods and their respective 
occluders. 

FIG. 5k depicts a similar interconnection 180 
having only one loop joint. In FIG. 5k, a first con- 
necting rod 182 having a loop 184 is connected 

30 with a second connecting rod 186 having a loop 
188 at one end. The interconnection is acheived by 
interlocking the loops 184 and 188 in a chain-like 
manner to provide a pivoting loop connection. Un- 
like the interconnection of FIG. 5j, the interconnec- 

35 tion of FIG. 5k has replaced the pin with a second 
connecting rod 186 that connects directly to an 
occluder element. 

Although the invention is not intended to be 
limited to any specific dimensions, it is noted that 

40 the length of the connector can be selected to 
correspond to the length of the defect across which 
the occluder elements are connected. Connectors 
having lengths of 0.100 inches, 0.200 inches and 
0.300 inches are particularly preferred. 

45 As depicted in FIG. 6, it is preferred that at 
least one strut 18 of each occluder be provided 
with a radiopaque material 150 to allow 
fluoroscopic visualization thereof. Such a material 
can comprise a coating of gold around one or more 

50 of the struts of each occluder element or, alter- 
natively, can include a segment of platinum wire 
152 wrapped about a portion of such strut. Addi- 
tionally, as shown in FIG. 7, (in which only the strut 
framework is shown for purposes of clarity), inter- 

55 connected occluders 42, 44 can have respective 
radiopaque portions 154, 156 that are distinguish- 
able, thereby allowing the individual occluders 42. 
44 to be readily distinguished by fluoroscopic visu- 
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alization techniques during a surgical procedure. 
Thus, the occlusion device 40 of FIGS. 3, 4 and 7 
could include an occluder 42 having a continuous 
radiopaque material 154 applied to its struts 18 and 
an occluder 44 with a striped radiopaque material 
156 applied to its struts. As such, during 
fluoroscopic visualization, a physician would be 
able to determine the relative position of each 
occluder by determining whether the struts that 
were being observed had a continuous or a striped 
radiopaque coating. 

Alternatively, one occluder could have two ad- 
jacent struts with a radiopaque coating whereas the 
second occluder could have two opposite struts 
having the coating of radiopaque material. As be- 
fore, such a difference would allow the physician to 
readily distinguish the different occluders from one 
another and determine the relative positions of the 
occluders using fluoroscopic visualization tech- 
niques. In yet another embodiment, the location of 
the radiopaque material can be varied between the 
two occluders to allow each occluder to be readily 
distinguished. For example, one occluder could in- 
clude radiopaque material located on the struts 
directly adjacent to the hub portion of the strut 
framework whereas the opposing occluder could 
include radiopaque material deposited on the outer 
end of the struts forming the strut framework. Such 
a configuration would allow the individual occluders 
to be readily distinguished during fluoroscopic visu- 
alization of the device during a surgical implanta- 
tion. 

In one protocol for use, the struts of each 
occluder are folded back against resilient forces to 
orient the struts generally parallel to the central 
axis of each occluder. Such a configuration causes 
the patch material to take on a fan- or umbrella-fold 
configuration between the folded struts. By forcing 
each strut into an orientation generally parallel to 
the central axis of the device, the device is pro- 
vided with a smaller, unexpanded configuration that 
allows the device to be percutaneously trans- 
luminal^ inserted into a patient while contained 
within a tubular sheath at the end of a catheter 1 90 
and guided to a predetermined location. Specifi- 
cally, as shown in FIG. 8a the compressed device 
10 is inserted into a catheter 190 with one occluder 
12 positioned distally to the second, connected 
occluder 14. The catheter 190, with the com- 
pressed occlusion device 10 contained in a distal 
portion thereof is inserted into a blood vessel of a 
patient and is navigated through the patient's blood 
vessels into the heart and across the septal defect. 
At that point, as shown in FIG. 8b the occlusion 
device is moved distally relative to the sheath to 
cause the distal occluder 12 to exit the distal end 
of the catheter 190. Such relative movement can 
be accomplished either by advancing the occlusion 



device within the catheter by means of a position- 
ing wire 192 or by retracting the catheter while 
holding the occlusion device in place with the posi- 
tioning wire. Once the distal occluder has been 
5 advanced beyond the distal end of the catheter 
sheath 190, the occluder 12 will automatically and 
resiliently open to its expanded configuration with 
the strut framework extending perpendicularly to 
the central axis of the element. 

10 As shown in FIG. 8c the catheter and occlusion 
device then are gently retracted to seat the distal 
occluder element 12 against the distal wall surface 
194 of the septum in a manner such that a defect 
though the septum is occluded. As shown in FIG. 

75 8d, the catheter sheath 190 then is further with- 
drawn a sufficient distance to allow the proximal 
occluder 14 to be released from the distal end of 
the catheter sheath. Once released, the proximal 
occluder 14 opens automatically and resiliently in 

20 the same manner as the distal occluder 12. Upon 
opening, the proximal occluder lies against the 
proximal surface 196 of the septal wall in an area 
of a septal defect thereby occluding such defect 
from the proximal side. The catheter sheath and 

25 positioning wire are then withdrawn from the patient 
leaving the opened occlusion device 10 with oc- 
cluder elements 12, 14 positioned on each side of 
a septal defect and permanently implanted within 
the patient as shown in FIG. 8e. 

30 Because the occluder elements are free to 
move relative to each other, (and in some embodi- 
ments to rotate as well), the occlusion device can 
be used in applications in which it is desirable that 
the occluder elements are not directly opposed to 

35 one another. For example, such an occluder device 
can be used to correct flap-like or tunnel-like de- 
fects in the atrial septum. As shown in FIG. 9 such 
a device also is useful particularly for the occlusion 
of defects in which the defect is an angled defect 

40 through the septal wall rather than perpendicular. In 
FIG, 9, the occlusion device 10 having a connec- 
tion 80 is used to repair an angled defect in the 
heart wall 200. Similarly, as shown in FIG. 10, the 
device also is useful for defects that occur at septal 

45 locations that do not have a uniform wall thickness. 
In FIG. 10, the occlusion device 10 having a con- 
nection 140 is used to repair a defect in a tissue 
portion 210 having a non-uniform wall thickness. 

so Equivalents 

Although the specific features of the invention 
are shown in some drawings and not in others, this 
is for convenience only, as each feature may be 
55 combined with any or all of the other features in 
accordance with the invention. 

Thus, the invention provides an occlusion de- 
vice which allows relative pivotal and/or rotational 
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movement between occluders positioned on op- 
posite sides of the defect. In addition the invention 
provides an occlusion device which allows the in- 
dividual occluders to be distinguished using 
fluoroscopic visualization. 

It should be understood, however, that the for- 
going description of the invention is intended mere- 
ly to be illustrative thereof, that the illustrative em- 
bodiments are presented by way of example only 
and that other modifications, embodiments, and 
equivalents may be apparent to those skilled in the 
art without departing from its spirit. Having thus 
described the invention, what we desire to claim 
and secure by Letters Patent is: 

Claims 

1. A device for percutaneous transluminal repair 
of septal defects comprising: 

a) a first occluder having an initial cross 
sectional configuration smaller than that of 
the defect to be repaired and a second 
expanded configuration larger than that of 
the defect; 

b) a second occluder having an initial cross 
sectional configuration and a second ex- 
panded configuration larger than that of the 
defect; and 

c) a connector for fastening the first oc- 
cluder to the second occluder in a manner 
such that the first occluder may assume 
aligned and non-aligned attitudes with the 
second occluder, 

the device being insertable into a patient in 
its connected configuration. 

2. The device of claim 1 wherein at least one of 
said first occluder or said second occluder 
comprises a central hub having a plurality of 
elongated struts radiating therefrom. 

3. The device of claim 2 wherein at least one of 
said elongated struts comprises a radiopaque 
material. 

4. The device of claim 2 wherein at least one of 
said elongated struts includes a radiopaque 
material on at least one surface thereof. 

5. The device of claim 1 wherein the connector 
comprises a linked loop assembly. 

6. The device of claim 1 wherein the connector 
comprises a ball and collar assembly. 

7. The device of claim 1 wherein the connector 
includes at least one pivot location. 



8. The device of claim 1 wherein the connector 
includes means for allowing rotation of the first 
occluder relative to the second occluder. 

5 9. The device of claim 4 wherein each occluder 
includes at least one elongated strut having a 
radiopaque material on at least one surface 
thereof. 

10 10. The device of claim 9 wherein the radiopaque 
material on the first occluder provides a visu- 
alization that is distinct from the radiopaque 
materia! on the second occluder. 

T5 11. The device of claim 2 wherein at least one of 
said elongated struts includes a flexural hinge 
point located adjacent to the central hub. 

12. The device of claim 2 wherein at least one of 
20 said elongated struts includes a flexural hinge 
point at a location remote from the central hub. 

1& The device of claim 11 wherein said at least 
one elongated strut includes a flexural hinge 
25 point at a location remote from the central hub. 

14. The device of claim 2 wherein at least one of 
said elongated struts includes a loop at its 
distal end. 

30 

15. A device for percutaneous transluminal repair 
of septal defects comprising: 

a first occluder having an initial cross sec- 
tional configuration smaller than that of defect 
35 to be repaired and a second expanded con- 
figuration larger than that of defect; the first 
occluder fastened to 

a second occluder having an initial con- 
figuration and a second expanded configura- 
40 tion larger than that of the defect, 

wherein at least one of the first occluder or 
the second occluder includes a radiopaque 
material on at least one surface thereof that 
allows such occluder to be fluoroscopically dis- 
45 tinguished from the other occluder. 

16. The device of claim 15 wherein each occluder 
includes at least one elongated strut having a 
radiopaque material on at least one surface 

so thereof. 

17. The device of claim 15 wherein the radiopaque 
material comprises a gold coating. 

55 18. The device of claim 15 wherein at least one of 
said first occluder or said second occluder 
comprises a central hub having a plurality of 
elongated struts radiating therefrom. 
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19. The device of claim 18 wherein at least one of 
said elongated struts includes a flexural hinge 
point located adjacent to the central hub. 

20. The device of claim 19 wherein at least one of 
said elongated struts includes a flexural hinge 
point at a location remote from the central hub. 

21. The device of claim 18 wherein said at least 
one elongated strut includes a flexural hinge 
point at a location remote from the central hub. 

22. The device of claim 18 wherein at least one of 
said elongated struts includes a loop at its 
distal end. 

23. A method for percutaneous transluminal repair 
of septal defects in a patient comprising the 
steps of: 

a) providing an occlusion device comprising 
a first occluder having an initial cross sec- 
tional configuration smaller than that of the 
defect to be repaired and a second ex- 
panded configuration larger than that of the 
defect, a second occluder having an initial 
cross sectional configuration and a second 
expanded configuration larger than that of 
the defect, and a connector for fastening the 
first occluder to the second occluder in a 
manner such that the first occluder may 
assume aligned and non-aligned attitudes 
with the second occluder; 

b) inserting the occlusion device with the 
first and second occluders in their initial 
configurations into a distal portion of a cath- 
eter sheath; 

c) transluminal^ guiding the distal portion of 
the catheter sheath to a first position on a 
first side of the defect; 

d) advancing the occlusion device relative 
to the sheath to release the first occluder 
and allow it to expand to its second configu- 
ration on said first side of the defect; 

e) moving said distal portion of the catheter 
sheath to a second position on a second 
side of the defect; 

f) retracting the catheter sheath to thereby 
release the second occluder and allow it to 
expand to its second configuration on said 
second side of the defect; and 

g) withdrawing the sheath while leaving the 
occlusion device in position across the de- 
fect. 

24. The method of claim 23 wherein at least one of 
said occluders is fluoroscopically visible. 



25. The method of claim 24 wherein both of the 
occluders are fluoroscopically visible. 

26. The method of claim 25 wherein the first oc- 
5 cluder can be distinguished from the second 

occluder. 

27. The method of claim 23 wherein the defect 
comprises a tunnel-like defect. 

w 

28. The method of claim 27 wherein the connector 
comprises a linked loop assembly. 

29. The method of claim 23 wherein the defect is 
75 present in a region of a septum having a non- 
uniform wall thickness. 

30. The method of claim 29 wherein the connector 
comprises a linked loop assembly. 

20 

31. A method for percutaneous transluminal repair 
of septal defects in a patient comprising the 
steps of: 

a) providing an occlusion device comprising 
25 a first occluder having an initial cross sec- 
tional configuration smaller than that of the 
defect to be repaired and a second ex- 
panded configuration larger than that of the 
defect; the first occluder fastened to a see- 
so ond occluder having an initial configuration 

and a second expanded configuration larger 
than that of defect, wherein at least one of 
the first occluder or the second occluder 
includes a radiopaque material on at least 
35 one surface thereof that allows such oc- 

cluder to be fluoroscopically distinguished 
from the other occluder; 

b) inserting the occlusion device with the 
first and second occluders in their initial 

40 configurations into a distal portion of a cath- 

eter sheath; 

c) transluminal^ guiding the distal portion of 
the catheter sheath to a first position on a 
first side of the defect; 

45 d) advancing the occlusion device relative 

to the sheath to release the first occluder 
and allow it to expand to its second configu- 
ration on said first side of the defect; 

e) moving said distal portion of the catheter 
so sheath to a second position on a second 

side of the defect; 

f) refracting the catheter sheath to thereby 
release the second occluder and allow it to 
expand to its second configuration on said 

55 second side of the defect; and 

g) withdrawing the sheath while leaving the 
occlusion device in position across the de- 
fect. 
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32. The method of claim 31 wherein the defect 
comprises a tunnel-like defect. 

- 3a The method of claim 32 wherein the first oc- 
cluder is fastened to the second occluder by a 5 
linked loop assembly. 

34. The method of claim 31 wherein the defect is 
present in a region of a septum having a non- 
uniform wall thickness. 10 

35. The method of claim 34 wherein the first oc- 
cluder is fastened to the second occluder by a 
linked loop assembly. 

75 
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